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The hydrogen ion concentration of rain water is always very

small, typical samples containing from lO 5 to 10' 8 moles of hydro-

gen ion per litre. Because the values are so small, it is convenient

to represent the data in terms of pH, viz. the negative of the loga-

rithm of the hydrogen ion concentration. On this scale, we would

say that typical samples of rain water range from pH 5 to pH 8.

If the pH is 7, we say that the rain water is neutral, if it is less than

7 it is acid and if it is greater than 7 it is alkaline.

Chemically pure water has a pH of 7 but rain water in the course

of its condensation in clouds and passage through the atmosphere,

can dissolve gases such as carbon dioxide, oxides of nitrogen and

ammonia, which contribute to the pH, and also dust particles

normally present in the atmosphere or discharged into the atmos-

phere during building operations, etc. The pH is also affected by

any trace of alkali dissolved from glass containers.

The pH of the rain water falling in the Botanic Gardens has

been examined over a three year period, March 1956 to February

1959 and, during the last ten months measurements have also been

made on rain water samples collected at the University of Malaya.

pH measurements were made in the usual way with a glass elect-

rode standardised by a phosphate buffer. These pH values are not

equilibrium properties for they change with time as dissolved gases

escape and a further supply of gas is absorbed from the atmos-

phere; nevertheless, if the collection of samples and the method of

measurement are uniform, the results should have some signifi-

cance.

The results are too numerous to tabulate in detail but a sum-

mary is given in Tables I and II. Some features that stand out are

as follows:

—

(1) There is a very wide variation in pH even in a period of

one month. The average spread in a month was 145

pH units but in February 1957 the pH varied from 5 03

to 7-81, a difference of 2-78 pH units whilst in July

1958 it varied only from 6-71 to 7-32, a difference of
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only 0-61 pH units, in the Botanic Gardens although

values between 4-85 and 6-52 were observed with the

University samples. The highest value recorded was

816 (19 November, 1957) and the lowest was 4-58

(14 November, 1958), the latter being at the Univer-

sity site.

(2) There is an astonishing difference between the pH values

found for samples taken in the Botanic Gardens and

those from the University site only seven chains away.

In all months from May 1958 to February 1959, the

pH was between 044 and 1 38 pH units lower at the

University site, the average value in the Botanic Gar-

dens being 6-80 compared with 5 86 in the University.

Whilst the total rainfall was about the same at the two

sites— 89-61" in the Botanic Gardens and 87-48" at the

University, there is considerable difference in the distri-

bution from month to month. Thus in June, 1958,

11-89" were recorded at the University against 11-90"

at the Gardens but in November 1958, 18-75" fell at

the University site compared with 21-65" at the

Gardens.

An examination of the records of thunderstorms made at Singapore

airport (some distance from the Botanic Gardens) shows that on

the 139 days of thunderstorm on which samples were obtained

from the Gardens, the average pH was 6-56 compared with 6-65

for the total of 548 samples. Some diminution in pH such as this

would be expected as the result of the formation of oxides of nit-

rogen during thunderstorms.

On the days when no thunderstorms were recorded, there is

some indication that a rainfall of less than 0-2" gives rainwater of

average pH about 6-85: there seems to be no appreciable variation

if the rainfall is between 0-2" and 2-25", the pH being about 6-43

but on the six occasions only on which a higher rainfall occurred,

the average pH fell to 5-86, approaching the value, 5-68, expected

for water saturated with carbon dioxide in equilibrium with atmos-

pheric carbon dioxide. It would be interesting to confirm this with

more samples.

(3) The month of January 1957 gave inexplicably low pH
values, averaging 5-92, at the Botanic Gardens.
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(4) Twenty-two times during the period May 1958 to January

1959, we were able to obtain not only composite sam-

ples from the Botanic Gardens but also the final sample

left in the Recording Rain Gauge. The results are given

in Table III. The first ten results tabulated refer to days

in which more than one inch of rain fell in the Botanic

Gardens and thunderstorms were noted at the same

time at Singapore Airport. The rest of the results refer

to days on which more than an inch of rain fell but no

thunderstorms were noted. With the reservation that

only a small number of results are available, some con-

clusions are suggested.

On days without thunderstorms, the average pH, 6-44, of the

composite samples was almost that of the final sample, 6-43. We
have noted in section (3) that over the entire period of the tests

rainfalls between 02" and 2-25" tend to give a pH about 6-43.

Wemight have expected a lower pH for the final samples from the

rain gauge, in view of the statement in section (3) that rainfalls

greater than 2-25" tend to a low pH of 5-86 but it will be noted

from Table III that the value of 6-43 for the final samples from the

rain gauge is based on twelve samples and in only one instance

did the total rainfall exceed 2". The findings in this section and in

section (3) are, therefore, not contradictory. The average pH of

the composite samples on days of thunderstorms was 6-31: over

this period the average of all samples was 6-80. This would suggest

a considerable diminution of pH as a result of thunderstorms,

greater than the difference noted in section (3). However, the

average of 6-80 was deduced from all samples, even if the rainfall

was only a few hundredths of an inch: we have already noted that

such small rainfall has comparatively high pH, thus raising the

average value. A fairer comparison would be between days with

and days without thunderstorms, each with over an inch of rain;

i.e. we compare an average of 6*3 1 in the first instance with 6 44

in the second. The influence of thunderstorms is now more consis-

tent with that noted in section ( 3 )

.

The average value of the final samples from the rain gauge on

days with thunderstorms was 6-46, close to that on days without

thunderstorms: this suggests that the first inch of rain succeeds in

washing the atmosphere free of oxides of nitrogen.
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Table I

pH OF RAIN WATERFROMTHE BOTANIC GARDENS

1956

March
April .

.

May .

.

June

July .

.

August

September

October

November
December

pH
(average)

pH pH
(minimum) (maximum)

Number
of days

on which
rain fell

Monthly
rainfall

(inches)

6.41 5.70 6.95 11 4.28

6.72 6.30 7.09 10 2.68

6.57 6.23 7.33 19 10.49

6.59 5.81 6.87 13 5.67

6.36 5.95 6.79 16 13.82

6.40 5.29 6.92 24 8.90

6.36 5.18 7.19 19 12.05

6.26 4.95 7.48 20 4.82

6.66 5.50 8.16 21 19.30

6.73 6.19 7.09 17 8.32

1957

January 5.92 4.69 6.88 14 4.81

February 6.56 5.03 7.81 8 4.09

March 6.28 5.38 7.42 13 6.98

April .

.

6.89 5.84 7.28 9 3.91

May .

.

7.11 6.40 7.77 16 12.20

June .

.

6.47 5.61 7.12 10 2.92

July .

.

6.67 5.89 7.15 15 8.98

August 6.71 6.32 7.18 15 4.65

September 6.79 6.09 7.69 19 10.27

October 7.11 6.67 7.67 13 2.33

November 6.69 5.82 7.51 21 6.45

December 6.79 4.52 7.29 25 11.40

958

January 6.85 6.62 7.48 13 7.79

February 6.76 5.98 7.33 13 5.68

March 6.73 6.16 7.22 11 3.68

April .

.

6.78 6.24 7.39 12 3.45

May .

.

6.99 6.62 7.47 18 7.44

June .

.

6.85 5.82 7.69 14 11.90

July .

.

6.88 6.71 7.32 8 2.19

August 6.91 5.88 7.18 17 12.81

September 6.97 6.76 7.38 14 3.18

October 6.58 5.88 7.28 18 12.35

November 6.51 5.89 7.33 20 21.65

December 6.89 6.50 7.28 12 4.43

959

January 6.78 5.59 7.49 19 9.78

February 6.63 5.98 7.19 10 3.88
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Table II

pH OF RAIN WATERFROMTHE UNIVERSITY SITE

1958
May .

.

June .

.

July .

.

August
September
October
November
December

1959
January
February

Number
pH pH pH of days

{average) {minimum) {maximum) on which
rain fell

Monthly
rainfall

{inches)

6.56 5.14 7.29 19 5.54

5.89 4.95 7.12 15 11.89

5.76 4.85 6.52 7 3.19

5.53 4.85 6.16 15 13.85

6.04 5.44 6.69 9 3.00

5.65 5.04 6.37 15 11.58

5.48 4.58 5.83 16 18.75

6.00 5.52 6.33 8 4.70

5.92 5.56 6.39 11 10.38

5.77 4.59 6.72 9 4.60

Table III

DATA FROMRECORDINGRAIN GAUGEIN BOTANIC GARDENS

jy Time of Time of Composite Sample Final Sample
Thunderstorm Rainfall Inches pH Inches pH

25-5-58 . . 0830-0920 0810-1000 1.52 6.62 0.52 7.20
12-6-58 . . 0720-0755 0630-0730 1.10 5.82 0.10 6.19

29-8-58 0615-0755 0505-1015 1.89 6.30 0.89 6.18

8-10-58 .. 0510-0630 0415-0900 1.13 6.74 0.13 6.82

22-10-58 .. 1040-1150 0930-1130 2.92 5.88 0.92 6.06

1-11-58 . . 0240-0350 0135-0735 1.82 6.16 0.82 6.10

1-11-58 1755-2055 1830-2200 1.48 5.89 0.48 6.49

16-11-58 / 1530-1620
•

• \ 2305-2320
1445-1 630 \
2145-2400/

1.37 6.02 0.37 6.33

24-11-58 .. 0130-0345 0100-0335 1.25 6.68 0.25 6.90

27-11-58 1730-1820 1630-1800 1.31 7.03 0.31 6.28

Date

6-5-58
22-6-58
29-6-58
17- 8-58
18- 8-58
1-10-58
14- 11-58
15- 11-58
17- 11-58
18- 12-58
6-1-59
12-1-59

Composite Sample Final Sample
Inches pH Inches pH

1.82 6.93 0.82 6.83

1.95 6.50 0.95 7.10

1.97 6.70 0.97 6.39

1.90 5.88 0.90 6.04

1.08 6.18 0.08 5.76

1.68 6.89 0.68 6.51

1.81 6.18 0.81 6.42

1.24 6.10 0.24 5.81

3.61 6.08 0.61 5.90

1.32 6.27 0.32 6.34

1.99 6.84 0.99 7.00

1.20 6.72 0.20 7.07

In the latter part of the table, the rainfall refers to a 24 hour

period commencing at 0800 on the day noted in the first column.
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(5) In spite of these variations from day to day and from site

to site, the graph of average monthly pH plotted against

time shows some remarkable features (Fig. I).

After the first year's measurements had been completed, it was

thought that the variation with time was characterised by two

maxima, one in April and the other in December. It could well be

argued that the small maximum in August is due to a chance

fluctuation. This maximum appears, however, in the graphs for

each of the succeeding years. It is also remarkable that the data for

the University site show the same variation although the monthly

pH values are uniformly lower and the incidence of rainfall dif-

ferent. All four graphs show maxima one about April or May, a

second about September and a third about December. It may be

significant the first two maxima occur at the beginning and at the

end respectively of the South-West monsoon: the third maximum
occurs about half way through the North-East monsoon.

The measurements described in this paper were not designed as

an elaborate study: at first, we were interested only in answering a

question which arose from some work on the corrosion of metals:

what is the average pH of Singapore rain water? In the course of

this work a number of related problems suggested themselves,

some of which have been described. The answers we have given are

tentative because the original experiment was designed for one pur-

pose only. If this work could be continued, several modifications

could be suggested, such as the collection of separate samples

during thunderstorms, the observation of thunderstorms from the

site of sampling and not from a distant observation post, and the

examination of samples for nitrite and nitrate.

I am grateful to Professor Gilliland, Mr. Purseglove and Mr.

Burkill for the collection of samples and to Mr. Mather for the

provision of meteorological data.
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